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Abstract A standardized method for assessing the
physical fitness of elderly adults has not yet been
established. In this study, we developed an index of
physical fitness age (fitness age score, FAS) for older
Japanese adults and investigated sex differences based
on the estimated FAS. Healthy elderly adults (52 men,
70 women) who underwent physical fitness tests once
yearly for 7 years between 2002 and 2008 were
included in this study. The age of the participants at
the beginning of this study ranged from 60.0 to
83.0 years. The physical fitness tests consisted of 13
items to measure balance, agility, flexibility, muscle
strength, and endurance. Three criteria were used to
evaluate fitness markers of aging: (1) significant
cross-sectional correlation with age; (2) significant
longitudinal change with age consistent with the
cross-sectional correlation; and (3) significant stability
of individual differences. We developed an equation to
assess individual FAS values using the first principal
component derived from principal component analysis.
Five candidate fitness markers of aging (10-m walking
time, functional reach, one leg stand with eyes open,
vertical jump and grip strength) were selected from the
13 physical fitness tests. Individual FAS was predicted
from these five fitness markers using a principal
component model. Individual FAS showed high longi-
tudinal stability for age-related changes. This investiga-
tion of the longitudinal changes of individual FAS
revealed that women had relatively lower physical
fitness compared with men, but their rate of physical
fitness aging was slower than that of men.
Keywords Physicalfitnessage.Sexdifferences.
Biomarkerofaging.Mobilitydisability.Frailty.Gait
speed
Introduction
Previous studies have shown that physical fitness is a
strong independent predictor of mortality (Fujita et al.
1995; Newman et al. 2006; Takata et al. 2007; Park et
al. 2009). Because individuals with high physical
fitness may have greater muscle mass and quality
(Lauretani et al. 2003; Yamada et al. 2010), and
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(Astrand 1956; Piscopo 1985), improvements in the
physical fitness of elderly individuals through appro-
priate physical activity should enable such individuals
to maintain their daily activity into later years of life.
Since Furukawa et al. (1975) described a method in
1974 to estimate fitness age from physical functions
using multiple regression analysis, various other esti-
mation methods have been reported (Heikkinen and
Kayhty 1977; Suominen 1978; Hofecker et al. 1980;
Nakamura et al. 1989, 1990, 1996) ,w h i c ha l s ou s e
physical fitness age estimated from health-related
physical fitness test scores using cross-sectional data.
Such approaches based on physical fitness age are
advantageous and useful because they allow us to
intuitively evaluate the individual’s corresponding
physical fitness age (Nakamura et al. 1989). However,
a standardized method for assessing physical fitness age
using longitudinal data has not yet been established.
Therefore, the purpose of this study was to identify
candidate fitness markers of aging and construct an
index of physical fitness age (FAS, fitness age score)
in elderly Japanese individuals using 7-year longitu-
dinal data, and to investigate sex differences in
physical fitness based on the estimated FAS.
Methods
Participants
Among 2,844 elderly Japanese individuals who
underwent routine physical fitness tests between
2002 and 2008 at the gymnasium of Kyoto Prefecture
University of Medicine (Yamada et al. 2010), 122
healthy elderly adults (52 men and 70 women) aged
60 years and over underwent a 1-day routine physical
fitness test every year for 7 years between 2002 and
2008 and were randomly selected as subjects.
Characteristics, including past and present health
status, physical activity status, and social and dietary
habits, were collected from a medical questionnaire.
All participants read and signed an institutionally
approved informed consent form before participating
in this study.
Most participants resided in Kyoto City. Their
occupations included managers (3.0%), researchers
(2.0%), teachers (2.0%), storekeepers (4.0%), and
unemployed (89.0%), in men, while most women
were unemployed. The age of the participants at the
beginning of this study (2002) ranged from 60.0 to
83.0 years, with a mean age of 73.8 years for men and
72.3 years for women. The characteristics of the
participants divided into three age groups (60–69, 70–
79, and ≥80 years old) are given in Table 1.
Test items
A battery of physical function tests designed for
adults aged ≥60 years old (Kimura et al. 1989, 1990,
1994, 1998; Kaneko et al. 1991; Kimura and Adachi
1999; Yamada et al. 2010) was used to measure
physical fitness. The battery of tests included 13 items
to measure balance, agility, flexibility, muscle
strength, and endurance as described in Table 2.
These test items were devised to be suitable and safe
Age group (year)
60–69 70–79 ≥80+
Men
n 10 34 8
Age (year), mean ± SD 66.3±2.28 74.3±2.84 82.1±2.40
Height (m), mean±SD 166.1±5.09 163.1±5.58 159.0±7.43
Weight (kg), mean±SD 61.5±4.88 60.1±8.45 56.1±9.45
Women
n 25 34 11
Age (year), mean±SD 66.1±2.29 74.2±2.85 82.0±2.00
Height (m), mean±SD 152.6±4.43 149.6±4.93 148.7±4.28
Weight (kg), mean±SD 52.2±7.03 50.3±7.03 47.4±6.06
Table 1 Age and physical
characteristics of the
participants at baseline
SD standard deviation
204 AGE (2012) 34:203–214for elderly individuals who had not exercised for a
long time. The supplementary material provides
further detail about the tests performed. All of the
test items have been validated for use in older adults,
and each item has demonstrated acceptable test–retest
reliability, with correlation coefficients ranging from
0.70 to 0.90 (Kimura and Adachi 1999).
Statistical analysis
All analyses, including systematic and logical selec-
tion of candidate fitness markers of aging, principle
component analysis, and t tests for comparison of
slopes, were done using Statistical Package for the
Social Sciences software (SPSS Inc., Chicago, IL,
USA).
Definition of FAS
The FAS represents the physical fitness status of a
normal person at a certain chronological age (CA).
Whether a person’s fitness age is lower or higher than
his CA indicates the ability of the individual to
function efficiently and safely in everyday activities
of work and play without experiencing fatigue and
with sufficient energy reserves to cope with unex-
pected physical demands (Piscopo 1985).
Estimation of the FAS
In this study, we developed an equation for FAS using
the first principal component obtained from principal
component analysis. In general, the first principal
component, which accounts for the largest variance in
the extracted components, is a useful statistical tool to
combine all of the explanatory variables into a single
expression in the absence of a dependent variable
(Harman 1967). Our method for predicting biological
or physical fitness age has been described in more
detail elsewhere (Nakamura 1994).
Results
Selection of candidate fitness markers for aging
For systematic and logical selection of candidate
fitness markers of aging, we used the following
stepwise methods: (1) cross-sectional analysis, (2)
longitudinal analysis, and (3) stability analysis. This
method was developed by Ingram et al. (2001) and
has been used to identify biomarkers of aging in
humans.
Table 2 summarizes the correlations between
factors used to guide the first three steps of the
Table 2 Correlation coefficients obtained from cross-sectional, longitudinal, and stability analyses of healthy older men and women
Variable Cross-sectional analysis Longitudinal analysis Stability analysis
Men (n=52) Women (n=70) Men (n=52) Women (n=70) Men (n=52) Women (n=70)
1. One leg stand with eyes open −0.294* −0.377** −0.275* −0.297** 0.629** 0.711**
2. One leg stand with eyes closed −0.154 −0.208 −0.179 −0.203 0.479** 0.631**
3. Functional reach test −0.322* −0.330** −0.286* −0.227* 0.486** 0.417**
4. Chair stepping −0.160 −0.222* −0.102 0.058 0.780** 0.593**
5. Trunk flexion −0.151 −0.212 −0.150 −0.180 0.796** 0.718**
6. Leg strength −0.416** −0.332** −0.271* −0.064 0.857** 0.664**
7. Grip strength −0.352** −0.370** −0.546** −0.398** 0.861** 0.847**
8. Vertical jump −0.529** −0.580** −0.456** −0.514** 0.729** 0.768**
9. Shuttle stamina walk test −0.352** −0.460** −0.205 −0.190 0.819** 0.762**
10. 6-m walk (speed) −0.223 −0.411** −0.303* −0.108 0.690** 0.776**
11. 6-m walk (footsteps) −0.309* −0.391** −0.291* −0.181 0.406** 0.511**
12. 10-m walk time 0.323* 0.389** 0.538** 0.383** 0.554** 0.553**
13. Chair stand 0.234 0.354** 0.124 0.340** 0.791** 0.745**
*P<0.05; **P<0.01
AGE (2012) 34:203–214 205selection process applied to identity the candidate
fitness markers of aging.
Step 1: Cross-sectional analysis.
To identify the magnitude of the associ-
ation between each variable and CA, we first
examined cross-sectional data for each year
(2002–2008). The values of 13 physical
fitness tests were correlated with CA for
each participant for each year across all age
groups. Thus, we produced seven correla-
tions for each variable. The Pearson product
moments for each collection obtained for
each year were then averaged to obtain an
estimate of the mean cross-sectional corre-
lation with CA using Fisher’srt oz and z to
r transformations. Based on this criterion,
we identified eight variables for further
analysis for men: one-leg stand with eyes
open, vertical jump, grip strength, shuttle
stamina walk test (SSTw), functional reach,
6-m walk (number of footsteps), 10-m walk
(time), and leg strength (P<0.05). For
women, we identified the following 11
variables for further analysis: one leg stand
with eyes open, vertical jump, chair step-
ping, grip strength, SSTw, functional reach,
6-m walk (speed), 6-m walk (number of
footsteps), 10-m walk (time), leg strength,
and chair stand (P<0.05).
Step 2: Longitudinal analysis
To identify the magnitude of genuine age-
related changes in each variable, we first
transformed the measurement variable and
CA for each subject across 7 years to z
scores to standardize the scales. We then
calculated correlations between CA and the
values for each subject. Using Fisher’s r to z
and z to r transformations, we calculated the
means of the individual r values for all
subjects. Based on this analysis, we identi-
fied eight variables for further analysis in
men: one leg stand with eyes open, vertical
jump, grip strength, functional reach, 6-m
walk (speed), 6-m walk (number of foot-
steps), 10-m walk (time), and leg strength
(P<0.05). For women, we identified six
variables for further analysis: one leg stand
with eyes open, vertical jump, grip strength,
functional reach, 10-m walk (time), and chair
stand (P<0.05).
Step 3: Stability analysis
We next examined the longitudinal sta-
bility of individual differences for all varia-
bles. For this analysis, we evaluated the
inter-year reliability of the annual values for
each variable. We determined correlations
between the measurement value obtained for
each variable and the corresponding value
for the subsequent year, i.e., between 2002
and 2003, and between 2003 and 2004, for
example, across all ages within subjects. To
calculate a mean value of the correlation
coefficients across the 7 years, we applied
Fisher’s r to z and z to r transformations.
The measurements for all variables evalu-
ated were stable, ranging from 0.406 for
the 6-m walk (number of footsteps) to
0.861 for grip strength in men, and from
0 . 4 1 7f o rf u n c t i o n a lr e a c ht o0 . 8 4 7f o r
grip strength in women. The stability
coefficient for tests with complicated
movements tended to show lower coeffi-
cients than test with simple movements.
Comparing the results of steps 1 and 2, the seven
variables that met the criteria for significant longitu-
dinal changes with age consistent with their cross-
sectional correlations for men were one leg stand with
eyes open, vertical jump, grip strength, functional
reach, 6-m walk (number of footsteps), 10-m walk
(time), and leg strength. For women, we identified six
variables: one leg stand with eyes open, vertical jump,
grip strength, functional reach, 10-m walk (time) and
chair stand. These variables were carefully selected to
select a candidate variable included in the models for
both men and women. In the comparison of models
for men and women, three items (6-m walk (number
of footsteps) and leg strength for men, and chair stand
for women) did not show an age-related change and
were removed.
Based on these statistical analyses, five variables—
one leg stand with eyes open, vertical jump, grip
strength, functional reach, 10-m walk (time)—were
assessedascandidatefitnessmarkersforaging.Thedata
obtained for the five candidate fitness markers of aging
across the 7 years of the study are presented in Fig. 1
(men) and Fig. 2 (women) as functions of CA.
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Fig. 2 Scatter plots and regression lines of the five candidate
fitness markers of aging in women: one leg stand with eyes
open, vertical jump, grip strength, functional reach, and 10-m
walk time. The figure shows the results obtained from 7-year
longitudinal data for 70 older women
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Fig. 1 Scatter plots and regression lines of the five candidate
fitness markers of aging in men based on cross-sectional data
analysis: one leg stand with eyes open, vertical jump, grip
strength, functional reach, and 10-m walk time. The figure shows
the results obtained from 7-year longitudinal data for 52 older
men
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Principal component analysis was applied to the
correlation matrix of the five candidate fitness
markers of aging identified above (Tables 3 and
Table 4). This analysis was conducted to determine
the structure of covariance. For the first analysis, CA
was included to confirm the relationship between age
and the principal component identified. For the
second analysis, CA was excluded to ascertain
whether the relationships of the candidate fitness
markers of aging to the principal components
remained without an influence of CA.
The first analysis identified one major principal
component in both sexes with corresponding Eigen-
values greater than 1.0 based on recommended
criteria (Guttman 1954). The results of these analyses
are shown in Table 5. About 50% of the total variance
was accounted for by one principal component. CA
shows an extremely high factor loading (0.743) with
this component. Meanwhile, all of the candidate
fitness markers for aging showed significant loading
on the first principal component, explaining 49.5% of
the total variance for men and 46.5% for women.
Therefore, the first principal component appeared to
be a major age factor.
Results from the second analysis presented in
Table 6 revealed that all of the candidate fitness
markers maintained their significant factor loadings
on the first principal component, even when CA was
removed from the model. Moreover, this component
maintained a high level of the total variance (49.4%
for men and 44.6% for women). From these results,
we deduced that the five candidate fitness-markers—
one leg stand with eyes open, vertical jump, grip
strength, functional reach and 10-m walk (time)—
represented an underlying factor that might reflect the
aging process of physical fitness.
Constructing the FAS
Because the five candidate fitness markers of aging
were considered to measure the underlying aging
processes for physical fitness, we proceeded to
combine them into a multivariate index, designated
the FAS. To calculate individual FAS values, each test
score for an individual was first standardized and then
summed across tests in a weighted manner using the
coefficients of the factor scores obtained in the
principle component analysis. In this procedure, we
reduced the equation used to calculate individual FAS
value to a simple equation, as follows:
Men:
FAS ¼  0:203X1 þ 0:034X2 þ 0:0064X3 þ 0:044X4
þ 0:046X5   3:05
Women:
FAS ¼  0:263X1 þ 0:033X2 þ 0:0074X3 þ 0:048X4
þ 0:079X5   2:52
where, X1=10-m walk (time) (s), X2=functional reach
(cm), X3=one leg stand with eyes open (s), X4=
vertical jump (cm), and X5=grip strength (kg).
The individual FAS values for 52 men based on the
7-year longitudinal data were calculated using the
equation for men. Figure 3 shows the scatter plot for
FAS value with CA for all male subjects. In the
cross-sectional analysis based on the 7-year longitu-
dinal data (287 values), the individual FAS values
were scattered relatively symmetrically above and
below the regression line. The correlation coefficient
between the FAS values and CA was 0.59 (P<0.01),
and the standard error of the estimate (SEE) was
0.81.
Variable Means SD 1 2 3 4 5 6
1. Age (year) 73.9 5.4
2. 10-m walk time (s) 6.9 1.46 0.404
3. Functional reach test (cm) 37.4 7.18 −0.337 −0.260
4. One leg stand with eyes open (s) 53.5 44.2 −0.317 −0.377 0.306
5. Vertical jump (cm) 28.9 7.2 −0.577 −0.464 0.348 0.490
6. Grip strength (kg) 34.4 5.9 −0.416 −0.453 0.325 0.267 0.363
Table 3 Means, standard
deviations (SD) and corre-
lation matrices of five
markers of aging and chro-
nological age calculated
from 7-year longitudinal
data for 52 healthy older
men
208 AGE (2012) 34:203–214Similarly, we calculated the individual FAS values for
70 women based on the 7-year longitudinal data using
the equation for women (416 values). Figure 4 shows the
scatter plot for FAS values with CA for all women. As
in men, the individual FAS values were scattered
relatively symmetrically above and below the regression
line. The correlation coefficient between FAS values
and CA was 0.67 (P<0.01) and the SEE was 0.74.
Sex differences in FAS
We next investigated the sex differences in the FAS
values. To achieve this, we recalculated the FAS
values for the 70 women using the equation for men
described above and they were overlaid on the scatter
plot for men in Fig. 3. As shown in Fig. 5, the FAS
values for women are scattered below the regression
line of the FAS values for men, suggesting that
women are less physically fit than men at the same
age. The differences between men and women in
estimated FAS values may depend on differences in
physique. To examine the influence of the physique of
women on these differences, we calculated the
difference in FAS values of women from the
regression line for men. Next, a multiple regression
analysis was applied to the correlation matrix calcu-
lated from two variables (height and body mass) and
the deviations. The coefficient for multiple correla-
tions of these two variables with the deviations was
0.353 [F=27.2; degrees of freedom (df)=415 and 2;
P<0.001]. However, the ratio of this coefficient to the
total variance was only 0.12 (12%), suggesting that
physique does not strongly influence the FAS values.
However, Fig. 5 does not reflect the individual state
of age-related physical fitness because of the cross-
sectional data analyses.
To examine the changes in aging of older adults
based on the estimated FAS values, regression lines for
the FAS values on CA for all 52 men and 70 women
across all 7 years were calculated and are presented in
Figs. 6 and 7. In these figures, the individual estimates
of FAS were removed to avoid complex graphical
representation; only the regression lines are plotted.
The change in the aging ratio for FAS tends to show an
exponential curve rather than a straight line. Thus, the
subjects were divided into three age groups (60–69,
70–79, and ≥80 years) based on the participants’ ages
at 3.5 years (halfway through the study). The mean
slopes of the regression lines of FAS values on CA for
the three age groups were −0.163, −0.190, and −0.367
for men, and −0.196, −0.162, and −0.221 for women,
respectively. For men, one-way analysis of variance of
Variable Means SD 1 2 3 4 5 6
1. Age (year) 72.5 5.8
2. 10-m walk time (s) 6.7 1.23 0.433
3. Functional reach test (cm) 33.6 7.73 −0.332 −0.236
4. One leg stand with eyes open (s) 49.5 40.1 −0.404 −0.250 0.241
5. Vertical jump (cm) 22.1 7.0 −0.602 −0.376 0.311 0.369
6. Grip strength (kg) 21.9 3.9 −0.405 −0.340 0.206 0.337 0.371
Table 4 Means, standard
deviations (SD) and corre-
lation matrices of five
markers of aging and chro-
nological age calculated
from 7-year longitudinal
data for 70 healthy older
women
Variable Men Women
P1
a F1
b P1 F1
Age (y) −0.743 −0.255 −0.819 −0.293
10-m walk time (s) −0.712 −0.244 −0.643 −0.230
Functional reach test (cm) 0.590 0.202 0.531 0.190
One leg stand with eyes open (s) 0.654 0.224 0.629 0.225
Vertical jump (cm) 0.797 0.273 0.769 0.275
Grip strength (kg) 0.671 0.230 0.664 0.238
Eigenvalue 2.918 2.793
% total variance 49.46 46.54
Table 5 Principal compo-
nent analysis of five candi-
date markers for physical
fitness and chronological
age
aFirst principal component
bFirst principal component
coefficient
AGE (2012) 34:203–214 209the mean slopes for the three age groups confirmed a
significant group effect (F=7.374; df=49 and 2;
P<0.01). Furthermore, analysis of the differences
between the pairs of means using Tukey’sm e t h o d
revealed significant differences (P<0.05) for 60–69
vs. ≥80 age groups, and for 70–79 vs. ≥80 age groups.
By contrast, for women, we found no statistically
significant differences in the mean slopes among the
three age groups (F=1.638; df=67 and 2; P=NS).
These results suggest that the aging rate of the physical
fitness is faster in men than in women. In particular,
after 80 years old, the rate of aging rapidly advance
(−0.367 for men and −0.221 for women).
Discussion
A logical strategy for identifying candidate biomarkers of
aging and to evaluate their reliability and validity has been
proposed for rhesus monkeys (Nakamura et al. 1994,
1998; Ingram et al. 2001). In those studies, four criteria
were used to evaluate the biomarkers of aging: (1)
significant cross-sectional correlation with age, (2)
significant longitudinal change with age consistent with
the cross-sectional correlation, (3) significant stability of
individual differences, and (4) the rate of the age-related
change was proportional to differences in lifespan among
related species. In this study, we applied the first three
criteriatohumandatatoidentifycandidatefitnessmarkers
of aging and identified five fitness markers in men and
women: one leg stand with eyes open, vertical jump, grip
strength, functional reach, and 10-m walk (time). These
five fitness markers represent elements of physical fitness
including static balance, leg power, arm strength, dynamic
balance, and gross body coordination agility, respectively.
In older adults, it has been reported that hip fractures
causedbyfallshaveincreased(Binderetal.2004;F u j i t ae t
al. 2006). Therefore, balance and leg muscle strength are
needed to prevent falls and were assessed in a battery of
tests of physical fitness in this study. Thus, evaluating
physical fitness in this way would not only aid health
Variable Men Women
P1
a F1
b P1 F1
10-m walk time (s) −0.740 −0.299 −0.663 −0.298
Functional reach test (cm) 0.610 0.247 0.563 0.253
One leg stand with eyes open (s) 0.698 0.282 0.660 0.296
Vertical jump (cm) 0.777 0.314 0.752 0.337
Grip strength (kg) 0.680 0.275 0.687 0.308
Eigenvalue 2.473 2.228
% total variance 49.46 44.56
Table 6 Principal compo-
nent analysis of five candi-
date markers for physical
fitness
aFirst principal component
bFirst principal component
coefficient
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Fig. 3 Relationship between fitness age score (FAS) and
chronological age in a cross-sectional analysis of 52 older men
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Fig. 4 Relationship between fitness age score (FAS) and
chronological age in a cross-sectional analysis of 70 older
women
210 AGE (2012) 34:203–214maintenance,butalsoreducetheriskoffallsinolderadults.
Furthermore,thesefitnesstestsshowedage-relatedchanges
in physical fitness. Accordingly, these fitness markers are
considered to represent the vital elements of health-related
physicalfitness.
There is notable overlap between the constructed
FAS in the present study and the operational
definitions of frailty index (Fried et al. 2001; Searle
et al. 2008), as each includes grip strength and
walking speed. The recent findings strongly suggest
walking speed and grip strength are strong risk factor
in the elderly (Cooper et al. 2010; Studenski et al.
2011). It is very interesting, because we used the data
in healthy elderly who volunteered to participate in the
battery test over 7 years, and also did not examine any
relationship between the physical fitness age and frailty,
functional disability, or mortality. We just examine the
significance of cross-sectional correlation, 7-year longi-
tudinal change, and stability of the variables. Our study
support the idea that the measurement of hand grip
strength and walking speed is useful tool to evaluate
healthy aging. In our results, vertical jump is also good
to assess fitness age in the elderly.
After confirming the underlying relationship among
the five candidate fitness markers, we constructed the
FAS index for each individual using weighted loadings
of each variable onto the factor score derived from the
PCA. We noted that the individual FAS values were
scattered relatively symmetrically above and below the
regression line for FAS value on CA. The evaluation of
physical fitness according to the FAS is advantageous
andusefulbecauseit allows ustoestimatetheindividuals
physical fitness age. However, physical fitness is also
affected by phenotypic factors such as exercise, lifestyle
habits and environmental circumstances (Piscopo 1985).
In 1956, Astrand (1956) proposed that the physical
fitness of an individual is determined by his/her natural
phenotype and by the way this phenotype has been
adapted to training conditions. Thus, an individual’s
FAS value is not only affected by genetic factors but
also by lifestyle factors. Therefore, the difference
between the predicted FAS value and actual age reflects
the physical fitness level corresponding to the individ-
ual’s phenotype and the impact of physical activity and
training on physical fitness level.
Some researchers have reported that the difference
between the physical fitness age and actual age
60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90
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Fig. 6 Association between fitness age score (FAS) and
chronological age in a longitudinal analysis of 52 older men.
To aid interpretation, only the regression lines for FAS with age
are shown in this figure
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Fig. 5 Comparison of the fitness age scores (FAS) between 70
women and 52 men in a cross-sectional analysis
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Fig. 7 Association between fitness age score (FAS) and
chronological age in a longitudinal analysis of 70 older women.
To aid interpretation, only the regression lines for FAS with age
are shown in this figure
AGE (2012) 34:203–214 211reflects the degree of aging (Hollingsworth et al.
1965; Furukawa et al. 1975; Voitenko and Tokar
1983; Dubina et al. 1984; Nakamura et al. 1989).
Recently, Nakamura and Miyao (2008) suggested that
individual differences are characterized by three
factors—age, peak functional capacity, and aging
rate—by investigating an index of biological age in
humans. Furthermore, they suggested that the peak
functional capacity is determined by genetic factors
and the aging rate is influenced by environmental
factors. When we consider their comments, the
difference between the estimated FAS value and
actual age does not necessarily reflect an individual’s
aging rate of physical fitness. Aging can be viewed as a
time-dependent complex, integrating primary and sec-
ondary aging processes (Hofecker et al. 1980). Thus,
based on this 7-year longitudinal data analysis, we
investigated the age-related changes in FAS to assess
whether the rate of change differed with advancing
age. We found that the rate of aging in older men
represented by the FAS value was not constant, but
rather increased exponentially with advancing age.
To search for possible sex differences in the FAS,
we compared the FAS values between the sexes. The
FAS values of 70 healthy older women were also
calculated using the equation for men established in
this study, and overlaid these values on the scatter plot
for men (n=52). The FAS values in most of women
were distributed below the regression line for FAS
values on CA in men. Furthermore, the mean FAS
value for women was much lower than that of men
(0.003±0.99 for men vs. −0.962±0.829 for women).
These characteristics were maintained even when we
considered the influence of physique on physical
fitness. Based on these results, the physical fitness
level of the woman was much lower than that of men.
However, these results were obtained from cross-
sectional analyses. The longitudinal data analysis
suggested that the rate of physical fitness aging is
higher in men (−0.225) than in women (−0.178),
which was particularly evident after the age of
80 years old (−0.367 for men and −0.221 for women).
Among men, the rate of change in FAS values was
2.25 times higher those aged ≥80 years than those
aged 60–69 years. By contrast, among women, the
rate was only 1.2 times higher in those aged ≥80 years
than in those aged 60–69 years. From these results,
we can deduce that women may possess relatively
lower physical fitness than men, but their physical
fitness will age at slower rates than in men. The
results of this study support the hypothesis reported
by Nakamura and Miyao (2008), who stated that
“Although women prototypically have less physical
strength/health than men at their peak in early
adulthood, the rate of decline across their remaining
life span is lower than that of their male counterparts”.
In developed nations, older women often have a
longevity advantage over older men (World Health
Organization 1989; Health and Welfare Statistics
Association 2007), but women suffer from higher
levels of morbidity than men (Verbrugge 1982;
Hayflick 1994). Therefore, to explain the sex differ-
ences in morbidity, healthcare and mortality, intrinsic
differences such as genetic factors, sex hormones, and
reproductive physiology, and extrinsic differences
such as lifestyle, healthy habits, nutrition, and
physical fitness should be considered (Nathanson
1977; Verbrugge 1982, 1985). Higher levels of
physical fitness may delay the onset of physical
disability and loss of independence associated with
aging. Thus, we examined the sex differences in
physical fitness of older adults to shed some light on
the well-documented biological superiority of women
in terms of longevity. Clearly, further data are needed
to explore these concepts.
The criteria to evaluate fitness markers of aging are
somewhat similar with, although slightly fewer in
number than, the criteria used to evaluate potential
deficit for inclusion in a frailty index (Searle et al.
2008). Major differences between frailty index and
FAS is that frailty is a state that becomes more likely
the greater the number of deficits that have accumu-
lated (Rockwood and Mitnitski 2007), but physical
fitness is just one aspect of it. In the frailty index,
pieces of information which might be insignificant on
their own sum to give significant results (Kulminski
et al. 2008). In contrast, each variables of biomarker
of aging should have significant cross-sectional and
longitudinal correlations with age and stability. It
would be variable to examine the relationship
between FAS and frailty, comorbidity, or mortality
in further researches. In addition, Rockwood et al.
(2007) pointed out the importance of managing
missing data if the study includes large population
who cannot perform the test. We, however, did not
examine the effect of missing data because we used
212 AGE (2012) 34:203–214the data in healthy elderly who volunteered to
participate in the battery test over 7 years.
In conclusion, we identified five fitness markers of
aging using step-wise selection method. Using principle
component modeling, we predicted individual FAS
values from these five fitness markers. The evaluation
of physical fitness based on FAS is advantageous and
useful because it allows us to estimate the individual’s
fitness age. Moreover, calculating the slope of the
regression line of FAS values onto the CA is indispens-
able to more precisely determining the rate of physical
fitness aging, and was higher in men (−0.225) than in
women (−0.178). The results of this study of the
longitudinal changes of individual FAS values indicate
that older women may have lower physical fitness than
older men, but their physical fitness will age more
slowly than in men.
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